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LOW-_UBSONIC STABILITY AND C01_ROL

CHARACTERISTICSOF A O.OIS-SCALE Iq_4OTEL¥

COI_ROLIZD ElZVON MODEL (_-0) OF THE SPA_

ABSTRACT

The investigation was conducted in the NASA/Langley Research Center

Low Turbulence Pressure Tunnel during the time period from January 5

1976 to January 14, 1976. The model was a Yangley-built 0,015-scale

8SV Orbiter Configuration with remote independently operated left _nd

right elevon surfaces. The objective of the test was to generate a de-

tailed aerodynamic data base for the current Shuttle Orbiter Configura-

tion. Special attention was directed to definition of Reynolds number

effects on nonlinear aerodynamic characteristicsof the orbiter. S_

increments in angle of attack, sideslip, and elevon/aileron position

were studied in order to better define areas where nonlinearitiesmy

occur. Six-component force and moment, and elevon position data were

recorded over an angle of attack range from -2°to 20° at angles of side-

slip of 09 , e2 o and ±4°. Tests were also made over an angle of sideslip

range of -6° to 6° at selected angles of attack and elevo_aileron po-

; sition. The test Mach numbers were from 0.15 to 0.30 at Reynolds numbers

from 2.0 to 13.5 X 106 per foot.
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INTRODUCTION

2

The NASA is continuing experimental and analytical development of an

aerodynamically sound and effective Space Shuttle vehicle. Extensive

4 wind tunnel support has been devoted to this vehicle, especially the Or-
_ biter Configuration,which 18 at present fixed in basic desi_ . Several

areas of concern have recently been noted from analysis of experimental

data obtained from the numerous tests in various facilities which are.

the existence of regions of nonlinear aerodynaaic characteristicssignifi-

: cant enough to cause concern to control designers and in some cases, die-

agreement between data obtained in the various facilities across the

country°

Threfore, the Langley Research Center, iti cooperation with Johnson

Space Center and Rockwell International, has undertaken an experimental

program to determine in detail the aerodynamic characteristics of a model

of the Space Shuttle Orbiter. A_temtiG, a will be given to conditions which

have in past investigations shown regions of nonlinearity, since detailed

definitions in these regions are particularly important in the developnent

of longitudinal and lateral control characteristics to be u_._ in the ve-

hicle control logic. In addition, in order to uinimise the effects of

configuration d_fferences which may coutribute to uncertainties a singla

model will be tested in the following selected facilitiesz

Langley Research Center

8 Ft. Transonic Pressure Tunnel

Low Turbulence Pressure Tunnel

Unitary Plan Wind Tunnel

Aries Research Center

12 Ft. Transonic Pressure '_'_mnel

Calsl;an

8 Ft. Variable Density Transonic Tunnel

X _ Ft. Supersonic Wind Tunnel

• p

t

t t
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INTRODUCTION (Concluded)

The model was designed with remotely controlled elevons so that

pitch and roll control effectiveness could be defined in small control
/

increments over a wlde range of control settings in an expedient manner,

A large data base of aerodynamic characteristics will be determined in

continuous flow lower Reynolds number facilitiea. Nonlinearities or
/

other possible problem areas that appear in these low Reynolds number

tests will be investigated in facillties which are capable of higher

Reynolds numbers. At the conclusion of the overall program, aerodynamic

: data will be available in the Math range from 0.25 to 4.6 on a single

? model (to eliminate possible configuration differences) and in a suf- ;

ficiently wide range of Reynolds numbers to give a high degree of confi-

dence in the data and extrapolation to full scale conditions.

The purpose of the present paper is to present aerodynamlc charac-

teristics obtained in the Langley Low Turbulence Pressure Tunnel at low-

subsonic speeds over a range of Reynolds numbers from about 2 to 13 X 106

per foot. Data were taken over an angle of attack range from -2° to 20°

and angles of slderlip of 0°, ±2°, and ±4°. Additional tests were made

over an angle of sideslip range of -6° to 6° at selected angles of attack,

%
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+ N_CIATURE
F

General

PLOT
S_4BOL _ D_INITION

_+, s speed of sound; m/sec, ft/sec

Cp CP pressure coefficient; (Pl " Pm)/q

++ M MACH Mach number; V/s

=_ p pressure; N/m2, pal

0_, q Q(wSK) dyns-4c_"eaaure;;../2,_, ./,j2, pal
++++ m(_')

_+ l_/L _/L unit Reynolds number; per m, per ft :

V velocity; m/sac, ft/aec '

O ALPHA angle of attack, de_eea

p _ angle of sideslip, degrees

PSI angle of yaw, degrees

. PHI angle of roll, degrees

" _ mass density; kg/m3, slugs/ft3

+++ Reference & C.G. Definitions

: , Ab. base area; m2, ft 2

b _EF wing span or reference span; m, ft

c.g. center of _svity

! _ LREF reference length o_ _lng Jean
; _: aerodynamic chord; m, ft

S SP_F wlng area or reference area; a?, tt 2

+ MRP moment reference point

_4RP moment refermuce poznt on X m2cts

+: ,+ 'D4RP uoment reference point on T sxtm

,; _P _omant reference point on Z axis

: b base
i local

" +_ s static co.diPloma
" ? t +total cc_dltl_m

" treestream ORIGINAL PAGE IS

i < oPPoor
9

++

+ |
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NCM_ICLATURE (Continued)

Bod[-Axi._S[stem

PLOT
: _OL MNEMONIC DEFINITION

_. C]l CN normal-force coefficient; normalqsfOrce

CA CA axlal-force coefficient; axial forceqS
+

Cy CY side-force coefficient; .sideforceqS _,

CAB base-force coefficient; base force
CAb " qS _"

" -Ab(Pb - p_)iqS '

CAr CAF forebody axial force coefficient, CA - CAb

Cm CLM pitchini--momen_ coefficient; pitching momentqslR_

Cn Cl_ yawing-moment coefficient; Ya_inB momentqSb

" C_ CBL rolling-moment coefficient; rolling moment• qSb

Stability-Axls System

CL CL lift coefficient; liiftqS

CD CD dra£ coefficient; dragqS

base

" CDb CDB base-drag coefficient; --q--_ •

." CD_ CDF forebody drag coefficient; CD - CDb@=

Cy CY side-force coefficient; side forceqS

_ Cm CLM pitching-moment coefficient; _qS_REF .

CSN yawing-moment coefficient;
Cn q:._v

C_ CSL rolling-moment coefficient; rolling moment ._' qSb ._

: I,/D L/D lift-to-drag ratio; CL/CD -

• r/_ LIDz zlftto forebod,_dreg ratiol Cr/C_ '_

_. Tt stagnation temperature, degrees F , ;, F

" ORIGINALPAGE iS
OF POOR QUALITY to
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: NOMENCLATURE (Concluded)
?

Plot
Symbol Mnemonic Definition

6eL EL%qq-L left elevon surface deflection angle, positive
_.: deflection trailing edge down, degrees :

_ 6eR ELVN-R right elevon surface deflection angle, positive
;. deflection trailing edge down degrees

_i 6a AILRON aileron deflection angle, (ELVN-L/2 - ELVN-R/2), .,_
degrees ._

ili 6e ELEVON degreeselev°ndeflection angle, (ELVN-L/2"+ ELVN-R/2), _.D_BF BDFLAP body flap deflection angle, degrees _

I 6SB SPDBRK speedbrake deflection angle, degrees ,_

:, 6r RUDDER rudder deflection angle, degrees

•' C£8 DCBLDB rolling moment coefficient derivative with_i,. respect to sideslip angle, per degree

Cn8 DCYNDB yawing moment coefficient derivative with _'i_.
_- respect to sideslip, per degree ._

< Cy 8 DCY/DB side force coefficient derivative with _7_

i_< respect to side slip, per degree _.
CPBI model base pressure taps _'_

l, . CPB2 _'_
CPB3

b

i

f

i :_

i! (i n
1
:' I _"t

I
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TEST CONFIGURATIONS INVESTIGATED

The test model was a O.015-scale model of the Space Shuttle Orbiter.

(Figures 2 and 3). The model was constructed at the Langley Research

Center using the nose section forward of full-scale fuselage station

672.8, the vertical tail and OMS pods from an existing Rockwell model

49-0. The remainder of the model, the wings, elevons, and body were con-

structed from Rockwell-furnished line details. The elevon hinge .line gap
i

was sealed for this test. The left and right elevon surfaces were driven

independently by internally mounted electric motors. The elevon position

was determined by high resolution potentiometers mounted on the pivot

axis of the elevons thus giving the true position of the elevon under load

at all times. The accuracy of the elevon position is the read-out accuracy

of the potentiometer, which was determined to be within 0.2 degrees.

The model configuration is summarized as follows:

Orbiter- 140A/B/C = B26 C9 843 F8 M16 N28 R5 V8 W

Component Definition

B26 Fuselage per Rockwell Lines VL70-O00140A
and VL70-OO0140B (Model drawing SS-A00147)

C9 Canopy per Rockwell Lines VLT0-OOOI40A and
VLF0-000143B (Model drawing SS-A00147)

Slotted version (6-inch) of Eg_elevons per
; E43 Rockwell VL70-000145 (Model d_win8 SS-A00

1471

F8 Body Flap per Rockwell Lines VL70-000145 "
(Model drawing SS-A00147)

M16 OMS/RSC pods per Rockwell Lines VL70-0084010
(Model drawing SS-A00147)

OMS engine nozzle per Rockwell Lines VLTO-

N28 000145 (Model drawing SS-A00147)

R5 Rudder per Rockwell Lines VLT0-000146A
_ (Model drawing S_-A00148)

V8 Vertical tail per Rockwell Lines VLT0-001
46A (Model drawing SS-A00148)

12 I _ •,

!.

1976026186-230





_J_

TEST FACILITY DESCRIPTION

The tests were conducted in the Langley Low-Turbulence Pressure

Tunnel, which is a variable-pressure, single return facility with a

closed rectangular test section that is 0.914 meter (3.00 ft.) wide and

2.290 meters (7.50 ft.) high. The tunnel can accommodate tests in air

at low subsonic Mach numbers and at a Reynolds number per unity length

•: up to about 49.2 x i06 per meter (15.0 X 106 per ft).

?

14 I •
'>

, £,

]976026]86-232



i: TEST CONDITIONS

_.. _ tunnel conditions exi_t_ duri_ the test are su_arized in Table

I and the configurations tested are shown in Table TI. The model was

sti_ supported t and che aerodynamic forces and moments were measured by

an internally mounted six-component strain gage balance. In an attempt to

insure turbulent flow over the model, strips of carborun_m EFIt, were ap-

plied to the wing, vertical is/l, and nose as shown in fibre 2c. Tests

were also made without grit for comparison purposes. Model angle of at-

+2 °
_. tack was var_ed from about -2 ° to 20 ° for angles of sidesl/p of 0°, _ ,

an___o. sid,,s_pangleswe__,._ed_ _ to _ _t an_lesof ,,tt,,_
of 0O, 6°, 12°, and 18°. Angles of attack and sidesl/_ have been coffee-

!

ted for the effects of sting deflection under load. Runs were made either

_- by se_ting the elevons at a fixed angle from +10 ° to -20 ° and varyir_ the

_ angle of attack or by fixing the angle of attack and varyi_ the elevon
angle. No correction due to load has been applied to elevon angle since

total torsional bending of the eleven has _een determined to be negllg_ble.

i
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DATA _DUCTION

A IARC UT-27-100 six component strain gage balance was used to mea-

sure model forces and moments. All final data were presented along a set

of body and stability axis (Figure i) passing through the nominal center

of gravity located at F. S. 1076.7 and FRL 375.0. Drag data presented

represent gross drag in that no corrections to free-stream conditions in

the base regions have been made. Model data were converted to standard

NASA Coefficientsusing the following constants:

Reference Area Sref = 0.605 ft.2

Reference Length Cref = 7.]22 in.

Reference Span bref = i_.05 in.

Total base area excluding
sting cavity Ab = O,0615 ft?

Sting Cavity area Aec = 0.3_09 ft.2

16
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TABL8 I
, , ,_ ,, u I u I I ,

Z ,TEST DATE"TESTcoNDmcs

,, , , , ,,,

REYNOLDSNUMBER DY,AMICPRE_U_E STAGNATIONTEMPERATURE
MACHNUMBER

(per ft.) (pqunde/sq. foot) (degrm Fal_enheit)
, J . i , , , i

. , ,., •

• 0.i_ 2.0 x 106 To 100°im , ,

0.15 4.0 X 106 138 100°
, , , ,. i

o._5 6.0x 106 204 lOO°...... ... , [

_. o.zs 8.0x 1o6 2T2 .... zoo° ' ,
'_ o.15 _,;ox lo6 3_ zoo°

o.15 _.o x 106 370 zoo°
L

0.20 4.0x106 186 zoo°
, - , | i ......

o.zo 6.0x 106 28o 100°
o.20 8.o x 106 376 lO0°

. i0 &. i i i I i i0.20 10.0 X 452 . I00 °

0.20 12.0 X 106 560 100 G
i, , i

0.20 12.5 X 106 " 575 i00°
.... ,J i

0.20 13.0 X 106 586 100°
, ||, i i

0.20 13.5 X 106 616 1000

0.25 k.O X 106 " 2RO , I00 °

_ 0.25 6.0 x 106 _50 100°'

BALANCEUTILIZED: xaRc L_ 27-100 , .........

COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:

,F 60p.zb..... *S lb.
SF _00 lb. .,1.50 _._, ......

AF __ IOQ lb. .*0"_00 lb. ,,

PM __ 800 _n.-ib. *4.00 in.-lb. ,

RM _ ;Ln.-11o. _b.

YM 60_ In.-lb. *3.00 'in.-1.6.

_ COMMENTS:

J,

_i ..... i ii i i • l l, l It I I I II Illl II

'_ 17
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TEST: IJRe _ 228 (l.a.6:L_)J DATE= 2--9-'T6 j
TESTCONDITIONS

./s

/-"

. , ;,.JJ ,,
REYNOLDSNUMBER DY.t_kM_(CPRESSURE STAGNATIONTEMPERATURE

MACHNUMBER (per ft.) J (pounds/sq.foot) (degreesFal_enheit)
"- _, , J i i i i i

0.25 8.0x zo6 _6_, zoo°"

0.25 zo.ox zo6 _eo Zo6°
ill i

a_...i.i_ ,o ,a.,_._ 6 _/l 1$.,r• I II I I I Ill I

o._0 _.S X 106 238 I00°

_. o._o _.o Xlo6 aeo ,,zoo°
o,w _,o x _ )_o . zoo°
o.30 6.ox zo6 _o zoo°

i i li i i i In lib pii l i I

O.30 T.ox Io6 _92 zoo°..... ii i i • i ii , .

0"30 ,11 8_ 0 X 106 560 ..... 1000

0.35 4.ox _06 ' 3_o zoo°

|, . ,

... i, , H a | i i | i i ii| i

/
.....................

J I I I I I I I i i iiii i i

BALANCEUTILIZED: BLRC LIT 26 55i

COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:

NF 600 lb. 3,00 lb.im ii

SF 3o0lb. . 1.po ].'o ,

AF _5, 11_; ,,,,, 0;275 lb.

PM 800 in. -lb. I_.O0 :l:..n.,-Zb.

RM _ in.-Ib. 2.00 in.-lb. "--I----T--I

YM 600 inL-lb. 3.00 in.-lb.

COMMENTS:

I I I I I

L I I _ __ _

18 :
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m Length((llZ4 _ St,So X__i23_)GZn. 2203._ 1,9.1;00
: * _=e=h(a¢[,=Paesty. _z38)-z=. 1_o.3 ]9.35_ -

* MaxWidth(e x=1528.3)-Z.. 26k.0 3.960

MaxDepth(@ Xo = 111_il.)- Zn. 2_0.0 3,T_ ,_

FinenessRatio ........

• Area - 1_2 _ o.oTr

Max. Cross-Sectional

Planfor,'n .......

' Wetted IILJ. n i=.

Base , ,, ,,

24 ;I i

•, _. ,_,_ _ .,,,_,w*,_ m ,,, -ewr_emnnllml
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: & TIUIMIZZ]:,, OOel,lllg) ..
MODEL DIMENSIONAL DATA

MODEL COMPONENT :

GENERAL DESCRIPTION " __I_ 3/i,p _ m_l _L_h

I
t"

8(_l,T_: 0.0.1.$ _ DmIIZI88 m,,,AOO_LIo.Tp_ :12 i
,j

DRAWINGNUMBER"

_ DIMENSIONS' FULLSCALE MODELSCALE }

, Length13[o- 1_31_,_1_3 t;0 ,ss'r) _ 2,2_ _:

Max Width(a[o " 52.3._1 :L_2,11:]JI 2,286 _

,)
,. Max Depth (@ XO,, bBS.0) 25.000 o.3'r_ _ _

'_ Fineness Ratio

i Area ....... '_

'_ Max. Cross-Sectional i iii i

!" Planform(.

i.
Wetted

: Base ..
_ II III i III I I

I i

I, I
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TABLE III- Continued
MODEL DIMENSIONAL DATA

SLOTTED EL_-_ON(6-inch GAP) - E43
MODEL COMPONENT :

GENERAL DESCRIPTION Configuration 140A/B Orbiter elevon.
I

I NOTE: , E_3 is a slotted version of E26. Data are for one side.
I
! MODEL SCALE: O.015 MODEL DRAWING: SS-AO01h7

_, , ,,,, iJ

DRAWINGNUMBER VT-'70-0001)45 ....

DIMENSIONS" FULL SCALE MODEL SCALE

t Area - Ft.2 210.0 0.0473== i n • i H

Span (equivalent)- In. 3h9.2 5.238 ,

.l.18.0Ob, 1.77'0
,- Inb'd equivalent chord - In. .

-' Outb'd equivalent chord 55.192 O. 828ii i i i

. Ratio movable surfacechord/
total surface chord

k

At Inb'd equiv, chord 0.2096 0.2096

,, o.b,oo_, o.4oo_,
.. At Outb'd equiv, chord .........

i Sweep_3ackAngles, degrees

, Leading Edge _ 0.00 0.00

Trailing Edge -10.056 -10.056 .

Hingeline 0.00 0.00

:! Area Moment(Normalto hinge line) 1,_87.25 .... 0.00_36,

"l Mean Aerodynamic Chord (c), in. 90.7 1.3605 ]

ORIGINAL PAGE B

OF POOR QUALITY 26
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DIMENSIONAL DATA

MODEL COMPONENT : _/JBI]P - /_

Qx_4p_c_to__ oz_tter _ zrj_. _,-
GENERAL DESCRIPTION •

_ _t.,a ,¢ xo = 1_28.3, zo = _.3

8e.Jl_: 0.0].5 _ ])mV]]lG: BS-.AOO_T_ _ 12
J

iii

DRAWING NUMBER' VI,..OOO_W_ipVI,TO-O00.1,_5

. DIMENSIONS: FULL SCALE MODEL SCALE

t_ Length (X° -- 1520 'l'o Xo - 16131 9_1.000 _ ].,_JJj

: Max Width (IJ_,) 2_,00 3°9_J0

Max Depth (X - .1._L_O)- I_° 23,000 0,31115

Fineness Rotio .......

Area - I_ 2 .........

Max. Cross-Sectional , ,

Planfor,'n _ Z_IO,_ie5

Wt,,A_e.... ..... . --

_' Base II.lo_II.T'__ _ 0.009k2J

; l 27
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MODEL DIMENSIONAL DATA

MODEL COMPONENT :, _ _ (]letS)

'r GENERAL DESCRIPTION : _tOm _ Ozeotter _

s(agc= o.o]_ _ DmtrJ:lm=m_AOOOLkT

DRAWING NUMBER" IrLTO-OOOlJ_I),VLTO-O0_IO

DIMENSIONS: FULL SCALE MODELSCALE :.

Length (Ol(B lq_ 8tl;I X0,,1320.5)-]__ 258.5 _ _ 3.8'r8

Max Width (@ Xo- l_J3.)-'r-. ],36.8 e,(Y_

Max Depth (@ XO" I_.IL)*:IhIo TIIoT ],,]_,]Lii i

Fineness Ratio 2,1_k 2,11_
ml i iii

Area - 11'1;2 _,_)Jt 0,_

Max. Cross-Sectional
i

Planfor,'n
ii

Wetted ........

Bose

28 i

I'
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_' TABLE III (Cont,d)

MODEL CO;._O::E:_: OMS _OZZLE8 - N28

Comft_ttom l_Ol/B Orbiter _ Nozzles

SS-OOO1&7
MODEL SCALE: 0.O15 MODEL DWG: _mm.*P_: 5 (r_,,._,,,) :;

D_%IWIIIGNUMBER: VLTO-4XX)I_5, (l_%lon) _

DI2._q;SIOI'_: '_

_i 1.51CHNO: FULL SCALE MODEL SCALE
._, Length- In.

Gimbal Point to Exit Plane
Throat to Exit Plane

_ Diameter- In. _
_ Exit <

_ Throat

_ Inlet '_

Area - _.
Exit
Throat

_ Gimbal Point (Station) - In.

,_ Le_ xN°Zzle 1518, 0 " 22.770

.c Z -'_
_ _t_ht _zzle
_ X 1518.O 22.770 _-_i"

y o
_. z _9_.o 7.380 _-

L_ Nozzle --_
_* Pitch i_'_9, 15"_9, '_

• _.

-%%

'__ _t_zt Nezzle

01_POORQu_ _1
.l |
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T_ III - e_ntlnu_d
:$ I_,ODEL DIMENSIONAL DATAi

"_i MODEL COMPONENT I_ - R5
l

GENERAL DESCRIPTION. _, ], 3_, and I_OA/B e,o_igturati_.

" MODEL SCALE: 0.015 MODEL DRAWING: SS-A00148

DRAWING NUMBER _ W.'Tn_v'_nlk61a_w.Tn.-nnnn_: w.Tn-oool"_9

DIMENSIONS " FULL SCALE MODEL SCALE

Area Ft2 i00.15 O.0225
m

Span (equivalent)- In. 201.0 3.015

-' Inb'd equivalent chord - In. .91.585 _1.3738

Outb'd equivalent chord- In. 70.833 . 0.7625

Ratio "novahlesurface chord,'
total surface chord ......

At Inb'd equiv, chord 0.400 0.400,

_ 0.400 0.4OO
At Outb'd equiv, chord .......

Sweep Back Angles, degrees ......

Leading Edg_ ,3_.83 .... 3_.83

26.25 26.25
Trail,r,g Edge • ,

3.83  .83
Hingeline , ,

;. Area Mome.t (Normal to h,nge line) 610.92 , , O.OOg.• . _,

Nee= Aerod,ynaad.cChord, - In. , 73.2 1.098 "']

ORIGINAL PAGE IS 30

"i OF POOR QUALITY .,
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_ TABLE III- Continued

_- _.4ODELDI_.4EHSIONALDATA " Co,,t if_,,ed

:.4ODEL COMPONENT " .VEI_IOAL- V8

t
GENERAL DcSCRIPTION Configuration 140A/B Orbiter Vertical Tail.

L

-T

C

MODEL SCALE- O.O1.5 DRAWIHG NUMBER: SS-AOOI48,

REISJ_E 6
DRAWING NUMBER ,VI.TO-O001_'6A

DIMENSIONS: FULL SCALE MODEL SCALE

TOTAL DATA

Area (Theo) - Ft 2 _ 413.253 0__
Planform

Span (Theo) - In. _315-7_. ,, 4.736
Aspect Ratio 1.67_ 1.b75

0._0TRate of Taper _..
Taper Ratio 0.40_ ' 0.]I01_--
Sweep-Back Angles, Degrees.

Leading Edge _ _5'. 000 WS_000
*Trailing Edse 2b.2 ""2_. _ -""'-
0.25 Element Line _I.I_0 _I.130

Chords :
Root (Theo) WP 2_.500 4.028
Tip (Theo) WP I08._70 ].;_¢"_l
Kt_c 199.8o8- - _.yg(
Fus. Sta. of .25 MAC _ Z_.._5 .
W.P. of .25 MAC _ .... Y.)3-_
B.L..of .25 MAC u.uO-

Airfoil Section i.'!.
Leading Wedg_= Angle - Deg. 10.00 10.00

; TraJlin 9 Uedge Angle - Deg. 14.9e0 I_._0
Lead[n 9 Ed3e Radius , 2.00 . 0.030

:' Void Ar-a ___ .Q.003 I_

i Blanketed Area __ 0.00 0.00 I_

(',
I omG AL9A0 m
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TABLE III -- (Concluded)

MODEL COMPONENT: WING -- W . 1

GENERAL DESCRIPTION: Configuration 4

NOTE: Identical to WII4 except airfoil thickness.

Dihedral angle is along trailing edge of wing.

MODEL SCALE: O.O1_ MODEL DRAWING: SS-AOOI48

DRAWING NUMBER: VLTO-OOO14OA, -000200

DIMENSIONS: FULL-SCALE MODEL SCALE

TOTAL DATA

Area - Ft. 2

Planform 2690.00 0.605
Wetted

Span (equivalent)(Theo)In. 936.6_ 14.09o
Aspect Ratio 2.267 2.265
Rate of Taper 1.177 1.777
Taper Ratio 0.200 0.2_0
Dihedral Angle, degrees 3.500 3.500
IncidenceAngle, degrees 0.500 0.300
Aerodynamic Twist, degrees +3.000 +3.000
Toe-ln Angle
Cant Angle
Sweep Back Angles, degrees

Leading Edge 45._000 45.000
Trailing Edge -10.056 -10.056

: 0.25 Element Line 3_.209 35.'209
Chords:

Root (Wing Sta. O.O)(_neo) B.P.O.O. 689.24 10.339
Tip, (equivalent)(Theo)B.P. 137.85 2.0682

MAC 414.81 7.122
Fus. Sta. of .25 MAC 1136.83

o W.P. of .25 MAC 290.58 4.359

B.L. of .25 MAC 182.1_ 2.732
Airfoil Section

Root

Tip
EXPOSED DATA

Area- Ft.2 1750.50 0.394

Span, (equivalent)(Theo)In. BPI08 _20.68 lO.81u
! Aspect Ratio 2.059 2.059

Taper Ratio 0.265 o,245
Chords

' Root BPIO8 562.09 8.431

Tip 1.00 _ 137.85 2.068
MAC 2 392.83 _J892

Fus. Sta. of .25 MAC 1185.98 17.790 _l)
W.P. of .25 MAC 294._0 _.415 _ ;

_ B.L. of ,25 MAC 2_1.77 3.777

} 32Om ALPAaEIS
i OFPOORQu ITY t
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' I 1i L I l 1

FILLET
!

0,1 inch strip of no, 100 grit

at 0,5 inch measured streamwise

!'

MAIN WING and VERTICAL TAIL____ ,,,, i | , JI]

0.1 inch strip of no. 120 grit

at 0.5 inch measured streamwi

?

NOS__._LE
O.l inch strip of no, 120 grit

at 1.2 inch measured streamwise

c. Position of Transition Grit Used in Investigation I, •

Figure 2. - Concluded.

36
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APPENDIX

_ TABU!ATED SOURCE DATA

2

Tab_ations of plotted data are available

_ from DMS upon request.
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